Unexplained Under Performance Syndrome (UUPS) [1] describes an athlete 64 presenting with persistent fatigue in the absence of disease, together with a decline in 65 performance recognised by coach and athlete. This condition is otherwise known as 66 overtraining syndrome. [2] However, UUPS reflects the complexity of the condition, 67 the multi-factorial aetiology, and that imbalances between training load and recovery 68 may not be the primary reason for the condition.
[1]
69
Exercise is a source of reactive nitrogen and oxygen species (RNOS), leading 70 to alterations in redox homeostasis (ARH). [3] RNOS are important for adaptation to 71 training, [4] nonetheless, a critical balance (captured in the theory of hormesis) [5] 72 exists between the sufficient or "optimum" dose of RNOS to drive adaptation, and the 73 over-production of RNOS that could lead to apoptosis, immunosuppression, increased 74 fatigue and impaired performance. Oxidative stress (OS) has been observed in athletes 75 diagnosed with OTS [6] and in the context of UUPS and fatigue, it is noteworthy that 76 psychological stress also increases OS. [7] 77 Olympic class rowing requires large training volumes, involves a long 78 competition season with global travel, and the athlete to make weight; all of which 79 make elite lightweight rowers highly susceptible to UUPS. Some of the largest acute 80 ARH in elite endurance athletes are reported in rowers in the general preparation 81 phase. [3] Positive physiological improvements for sub-maximal and maximal exercise 144 were evident at 4 and 14 months post-intervention, indicated by lower blood lactate 145 and heart rate responses for each power output produced ( Figure 1 ). 146 147
Insert figure 1 here 148 149
Training volume and adherence 150
Prior to the onset of UUPS, training adherence to winter training comprised 151 100% of the prescribed training load. On diagnosis, ~12 days of complete rest was 152 advised. Following which, training was resumed at a reduced volume for 6 weeks, 153
with heart rate limits imposed on training sessions to avoid further pro-oxidant 154 stimulus. This was followed by 3.5 weeks of full volume training but utilised alternate 155 modalities at carefully prescribed intensities; normal training resumed at 10 weeks 156 post diagnosis. The period between resuming normal training and winning at the 157 European Rowing Championships, 100% training adherence was achieved.
159
Case discussion 160 To our knowledge this is the first documented case of UUPS in an elite 161 endurance athlete, with complete recovery of performance. It is remarkable, that in 162 the same season as being diagnosed with UUPS and failing to complete planned 163 winter training, the athlete became European champion. In addition, we present novel 164 findings of ARH on diagnosis of UUPS and at 4 and 14 months recovery. Moreover, 165 the ARH, most notably the substantial increases in her blood carotenoids at 4 and 14 166 months post-intervention are of physiological significance based on published critical 167 difference values (CDV), which provide confidence in physiologically relevant 168 biomarker changes.
[8]
169
We believe the athletes' recovery and increased capacity to tolerate OS most 170 notably at 4 months post-intervention (biomarkers of OS remaining high i.e. SOD and 171 FORT) are related to the substantial increases in her serum carotenoid concentrations 172 (>CDV; see table 3). Our assumptions being supported by the following: 1) Blood 173 carotenoid concentrations are valid biomarkers of fruit and vegetable consumption, [9] 174 which were increased via her diet: 2) 2-weeks of reduced fruit and vegetable intake in 175 athletes results in decreases in blood carotenoid concentrations, increases in OS and 176 rate of perceived exertion: [10] 3) The observed changes in blood carotenoids are 177 greater than the reported CDV for the aforementioned biomarkers and therefore of 178 physiological significance: [8] 4) Carotenoids provide a more robust cellular 179 antioxidant defence and response to "stress" through increased scavenging of RNOS 180 and through activation of signalling pathways leading to increased expression of cyto-181 protective genes. [11] 
